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29  abstract  fC*ntUam9  H4*  It  anl  l€»^Tttf  >r 

A tvro-dimensional  thermal  anaysts  of  laser-irradiated  HgCdTc  photovoltaK  (PV;  detectors 
IS  presented,  and  .rrcversible  damege  thresholds  are  dcteimin^  as  a function  of  inadatiop.  t:me 
and  beam  diameter.  Damage  thresholds  were  measured  expenmentallv  for  HgCdTe  c.ystab 
similar  in  size  s.->d  mounUng  to  those  >ssed  m op>.taUng  pho;o»-^ 'Ui'-  detectors.  Calculated 
thresholds  for  HgCdf*  PV  detectors  are  compared  to  those  ft  HgCdTc  photoconducti\-e  iPCi 
and  PbSnTe  PV  detectors. 


DD  1473  EOlTiC-ii  or  • MOV  15  C*?iOLtTE 


SECO»:7r  C’-ASSlT’tCAT^M  TmiS  »ACE 


WWW' 


LASER  DA\LVO  =*.  IN  S-  TO  14-NUCRON  MERCURY-CADMIUM- 
TELLURIDE  PHOTOVOLTAIC  DETECTOR  .\L\TERIAL 


& 

I 

t 


INTRODUCTION 

Mercury-cadmium  telluric  e photovoltaic  IPV)  detectors  are  of  particular  importance 
for  detection  of  radiation  in  Use  8-to  14-fin;  r-pectiai  region,  where  hi^  responsi^ity  and 
very  fast  respoiise  times  are  required.  In  this  report  10.6-pm  laser  damage  in  HgCdTe  is 
studied  both  eiperimentall*  and  theoretically.  Damage  thresholds  of  Hv^CdTe  crystals, 
suniiar  in  geometrji'  to  those  it«d  for  photovoltaic  detectors,  vrere  meas’jjed,  ar^i  their  de- 
pendence on  irradiation  time  was  studied.  A thermal  model  was  used  to  predict  damage 
thresholds  for  Hgg^CdQ  , Te  P / detectors,  and  these  reailts  are  compared  *o  experimental 
values.  Effects  of  laser  beam  diameter  and  deUctor  thermal  configuration  are  discussed. 
Damage  thre^olds  for  this  de^.ect«.r  are  compared  to  those  for  other  8 to  14-pm  detectors. 

In  what  follows  wc  assucie  that  the  mat^ial  properties  are  independent  xi  temperature 
and  may  be  treated  as  constants.  The  detector  is  assum«:d  to  be  initially  at  a reference  tem- 
perature Tj^f.  Nonlinear  effects  as  well  vs  variations  in  material  properties  with  optical  flux 
are  neglected.  It  is  assumed  that  no  phase  change  is  required  for  junction  degradation  and  that 
the  damage  threshold  refers  to  the  irradiation  levd  required  to  raise  the  temperature  of  the 
detector  surface  to  some  cntkal  teraperauiie  Tjj . The  absorbed  energy  either  raises  the  tem 
perauire  of  the  absorbing  volume  or  is  conduct^  away  toward  the  heat  sink. 


THEORY 

In  a previous  work  { 1 1 it  was  concluded  that  a thermal  model  for  a semi-infinite  solid 
irradiated  bv  a Gaussian  1 aam  can  be  used  to  predict  damage  thresholds  for  phot  jvoitaic 
detectors  a.  long  as  the  beam  diameter  is  small  comparwi  to  both  detector  thickness  and 
width.  A cross-sectional  view  of  a t\-pical  photovoltaic  detector  ( Fig.  1 ) illustrates  Gaussian  beam 
irradiai.un  of  a detector  with  finite  thickness  and  saiople  area.  The  power  denaty  profile 
of  a Gaussian  beam  is  given  by  P{r)  - , where  P U the  flux  (W.cm-)  at  the  center  of 

the  beam.  The  temperature  profile  in  a semi-infinite  material  wiUi  an  infinite  absorptio.i 
coefficiOTt,  heated  at  the  surface  by  this  Gaussian  beam,  is  {2J 
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wirtjv  R i;  the  reflectivity,  p is  Uie  density,  c is  the  specific  heal,  k is  the  thermal  diffusivity. 
and  r iS  the  irrad»uon  tiioe.  The  temperature  change  at  the  surface  of  the  material  (z  = Oi 
and  at  die  center  of  the  beam  (r  = Ol  is 
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Equation  (2)  can  be  sol^'ed  to  give  ihe  power  denssi  ' Pq  and  energy  density  Eq  = PqT  re- 
quired to  chan^  the  temperature  of  the  surface  by  i However,  since 

actual  detectors  have  a finite  absorption  coefficient,  tq.  (2)  is  valid  only  at  long  times, 
when  the  heat  diffitses  distances  much  greater  than  tl»e  absortion  depth  1 ,'n.  This  modd 
was  modified  in  Ref.  1 to  take  into  account  the  finite  absorption  coefficient.  It  was  shown 
that  an  approximate  expression  fo'  f g is  given  by 


r»  

^0  - 


;1  + 

{1  -«)a  j 

I 

I 

L_ 


(3) 


The  first  term  in  this  expression  is  dominant  at  short  times,  when  Iherma!  co:.<iucUon  is 
not  important  and  the  temperature  change  is  determined  by  the  depth  ovk"  v.-hich  the  heat 
IS  absorbed.  Tne  second  term  is  dominant  at  long  times,  when  the  heat-diff  jsion  depth 
\'kt  IS  much  greater  than  the  absorption  depth  l a. 
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For  detectors  whose  thickness  is  less  than  or  eqiiai  to  the  beam  diarseter.  Eq.  (3)  may 
result  m considerable  error.  Fci  such  detectors  a nor?  elaborate  thermal  model,  taking  into 
account  both  laser  beam  diameter  and  relevant  details  of  detector  gacasetry,  is  required  for 
an  accurate  theoretical  detexmmation  of  damage  threshokls.  In  the  present  work  we  apply 
sjich  a model,  based  on  a numerical  technique,  to  HgCdTe  PV  detectors.  Damage  thresholds 
are  calculated  for  two  beam  diameters,  one  less  than  and  one  greats'  than  the  detector  thick- 
ness. These  results  tUustnte  the  importance  of  the  more  sophisticated  nus^rkal  modd  in 
predicting  damage  thresholds  for  such  experimental  conditions. 

There  arc  several  methods  for  numencaily  evaluating  transient  temperature  distzibutions 
in  heated  traterials.  Among  these  are  finite-difference  methods,  variational  methods,  and 
finite  element  methods.  For  our  work  we  chose  a finite-element  method  developed  by  Tor- 
vik  [3]  whi<±  differs  fiom  the  more  traditional  finite-element  methods  In  the  technique  used 
for  e^-ahiatioti.  The  approach  taken  was  to  divide  the  region  of  intezest  into  a large  number 
of  fimte  segments  and  tc  perform  a heat  balance  on  each.  For  the  same  number  of  dements 
this  method  is  expected  to  be  less  accurate  than  the  traditional  finite-element  method,  but  it 
IS  expected  to  be  mere  practical  for  many  a^iects  of  thermal  modeling  in  detectors.  The  ac- 
curacy of  thb  method  •was  examined  by  Torvik.  For  our  calculations  pariodk  checks  on  the 
acarracy  were  performed  by  comparing  the  results  of  the  computer  program  with  the  results 
of  exact  closed-form  solutions.  The  dement  sizes  were  chosen  to  be  suffideotly  small  that 
the  diff^ence  between  the  numerical  modd  and  the  closed-form  solutions  was  always  less 
than  3 percent. 


The  geometry  considered  ss  a circular  pfete  or  disk  consisting  of  two  slabs  having  different 
material  properties.  These  slabs  corre^nd  to  the  detector  and  substrate.  The  lasor  flux 
IS  incident  on  the  front  surface  and  b absorbed  exponentially  bdow  the  surface.  The  boun- 
dary conditions  on  the  edges  and  rear  surface  are  chosen  to  correspond  to  the  experimental 
^vironment  of  the  detector.  The  thickness  of  the  disk  6 b divided  into  S[>  layers  of  thick- 
ness AZ.  The  radius  b dhridea  into  segments  of  width  AiJ.  It  b assunied  that  the  mate- 
rial b heated  by  an  axially  symmetric  flux.  Hence  no  azimuthal  subdivisioD  b required. 

The  disk  b divided  into  X .Vj»  elements  each  having  the  form  of  a solid  annulus. 
The  rate  of  heat  flow  throu^  the  i,  j element  b pven  by  the  prodiKt  of  the  conductivity 
,.  the  area  of  the  interface,  and  the  temperature  gradient  in  the  direction  of  heat  flow. 
For  example,  the  rate  at  which  heat  flows  throu^  an  area  A,  from  the  i,  j clement,  due 
to  a temperature  gradient  in  the  z direction,  b 


A, 


(4) 


where  T^j  and  T,*ij  are  the  temp^Uires  of  the  i,  j and  i+1  j elem^U  re^iecuvely.  Tne 
rate  of  radial  heat  flow  Qn^  ^ b defined  snalc^ously.  Heat  can  also  enter  the  dement  by 
absorption  from  external  sources  (e.  g,,  optical  radiation).  We  must  add  to  the  heat-balance 
equau-3n  an  additional  term  (watts)  which  is  tha  rate  at  which  heat  b added  externally 
to  the  I,  J dement.  It  ts  assumed  that  phase  changes  or  internal  reactions  do  not  occur.  The 
net  rate  of  energy  flow  in  the  i,  / dement  b depicted  schematically  in  Fig.  2. 
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Pt£.  2 - SccKcrUx  r^pctsectatsoa  oT 
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The  net  flow  en«gy  AQy  is  gjven  by 

^Q^  = P..*Qf!  *Qz  -Qp  -Qz 

and  the  temperature  chan^  ^ 
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where  At  IS  the  time  increment,  Cj,  is  the  ^>ecinc  heal,  and  is  Uie  mass.  The  preceding 
heal  balance  *s  perfonned  repeatemy  using  a small  time  Lncrement  At  untfl  the  sum  of  the 
time  increments  equals  the  time  of  interest.  At  each  tiir»e  step  the  temperature  change 
m the  IJ  element  is  added  to  the  previous  temperature  T^..  The  temperature  for  an  irradia- 
tion lime  r = nAt  (n  time  intervals)  can  be  written 


i-i 

Where  AT^.(fe»  is  the  temperature  change  calculated  for  the  ftth  time  interval. 

To  calculate  the  threshold  for  dama^  on  the  surface  at  the  center  of  the  Gausnan 
bear.,  we  consider  Tj  j{r).  To  express  damage  thresholds  in  terms  of  quactities  calojlated 
by  the  model,  we  intr^uce  a normalized  temperature  L*:crease  for  the  i,i  element:  A6  (r)  = 
(Tj  j(r)  - T^]  :P.  Here  P ^ P\  \ !^z,j  since  AHj  j is  always  small  compared  to  the  beam 
radius  a.  .Asmmirig  damage  occurs  when  the  temperature  increase  \ P\j  <rj  - T,^l  is  equal 
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to  AT{^,  the  power-density  thie^okl  Pq  can  fae  written  as  Pq  = ATj^/A5<r).  'nierefore 
ttueshold  fevels  of  laser  ena^-  density  £/  terms  of  AT,i  and  A5  axe  sniply  given  b>' 


AT^r 
° " A5(r)' 


(8) 


RESULTS 

The  ftg^3CdQj2Te  materials  were  tnadiated  vrith  10.6-^nn  laser  ptilses  with  irradiation 
Utn^s  varying  1 ps  to  apfeoiimalely  1 s.  V’alties  of  powe  density  ranged  from  10^ 
to  10®  W/cin-.  and  pulse  energy  der>sitiies  tanged  from  1 to  10^  J/cm^.  The  experimer.tal 
apparatus  arid  procedure  is  dtscused  m detail  elsewhere  [2].  A 1-mm  square  p-type  crystal 
approxunatei>  0.5  mm  thick  was  bonded  to  a goki-plated  cjpper  mount  (2  mm  thk&)  which 
was  in  contact  vrith  a copper  t-oM  finger  hald  at  77*  K.  The  si'rface  of  the  sample  was  p<rf- 
idied  and  then  etched  with  a f-tl  hromme  m methyf  akohol.  The  cptxal,  mechankai,  and 
thermal  propaties  of  these  sa  i : is  se  expected  to  be  r->u^y  the  same  a for  operating 
photovoltaic  detectors. 


ThreshcVl  values  of  peak  • »sre^  density  Eq  and  peak  power  d«vsty  Pq  for  materia! 
dam^y  art  presented  m TabU  ..  Measurements  ovct  six  orders  of  magnitude  variation  in 
uiadtation  tone  were  * i smg  ^ laser  beam  whose  full  width  at  half  maxinium  ( fWHM) 
was  0A15  mm.  Damage  threrfiolds  were  also  obtairwd  ush^  a beam  (FWHM  = i.O  mm) 
which  covered  the  entire  crystal,  thus  approximating  uniform  irradiation  conditions.  For 
th.3  lai^  beam  dtameter,  radial  heat  conduction  is  not  expected  to  s^ifkantly  affect  the 
dam^  threshosds.  Note  that  both  Eq  -ikI  Pq  vary  by  approximately  three  «»icts  of  mag- 
mtude  over  the  rai^  of  inadiatroa  times  studied.  Uncertainty  in  the  damage  thresh  ■*?. 
estimated  at  30  to  40  percent. 


TaWe  1 

Damage  niredu^-'Is  For  HgQ^Cd^jjTe  Material 


nVHM 

(mm) 

is) 

(J'cia^) 

Po 

ikWcm^) 

0.26 

1 X 10-® 

2.2 

2200 

0.25 

3 X 10  "* 

8.0 

26.7 

0.25 

4.4  X iO-2 

400 

0.25 

8 X i0-‘ 

4o00 

1.0 

S X 10-® 

29 

i.O 

2 X lO-i 

330 

1.65 

When  the 
age  will  occur. 


teirperauixe  rise  at  the  crystal  surface  reaches  a thieshold  vaiue  AT,;.,  dam- 
Since  thermal  decomposition  and  the  resulting  outgasing  of  mercury  are  rate 
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IROcesses,  win  have  some  <tependeiKe  on  inadiation  time.  In  the  ninnencal  modd 
discus»d  previously,  bovrever,  AT^  was  assumed  to  be  constant.  Due  to  the  compikated 
time-  and  power-dep<sxient  noneqidlSxium  dynanucs  (decompofitk>n  and  vaponzation) 
taking  i^a<%  on  sudi  diozt  time  scales,  A7^  is  not  a known  quantity  and  is  therefore  <k- 
texmin^  anpizica!ly  in  fitting  the  data.  The  tbennal  conducting  K of  H;CdTe  vanes  coa- 
ddsabiy  over  the  temperature  range  of  interest.  However,  values  of  K are  net  known  over 
this  entire  range,  and  it  is  impossible  to  determine  a priori  a “suitaUy  averaged”  vahze  of 
thermal  conductivity.  Therefewe  K was  also  determined  by  treating  H is  an  adjustable  pa- 
rameter In  fitting  the  data.  Eq  is  approximately  independent  of  K for  short  inadktkm  times, 
where  the  themal  diffuskm  dhtance  is  small  compared  to  the  absorption  depth.  AT^j^  vras 
obtained  by  titling  this  short-time  data  (r  % 1 ps).  Then  using  this  value  of  K was 
detomined  by  fitting  the  data  for  k>nger  irzadiatioa  times.  Althou^  the  absocptkm  coef- 
firdent  a also  varies  strong*  with  temperature,  a “suitably  averaged”  value  of  t^  parameter 
has  been  obtained  in  a previous  study  [1].  This  same  value  (a  = 10^  aar^ ) was  u^  here. 

Using  publidied  values  of  HgCdTe  matoial  parameters  CTzhle  2).  the  numerical  thermal 
model  disaisaed  in  the  preceding  was  used  to  cal^tatf-  Eq  and  Pq  as  a function  of  irradre- 
tioa  time.  These  results  are  plotted  in  F^s.  3 and  4 together  with  the  experimental  Hata 
We  note  that  for  both  beam  diametets  studied  the  tbeoretkal  modri  for  <i^ector  Hxmay  is 
IF  good  agreement  with  the  experimental  results  on  KgCdTe  material  samples.  The  calcu- 
lated damage  thresholds  for  HgCdTe  (PV)  detectors  exhii^  three  distinct  regioQs  of  bdiav- 
kx.  For  short  irradiation  times.  Eq  is  constant,  and  Pq  is  inverse^*  proportional  to  r.  whereas 
for  intermediate  times,  Eq  « t^,  and  Pq  « r**^.  In  the  longtime  limit,  Pq  asymptotically 
apfxoaches  a constant  value.  The  thresholds  obtained  using  the  Gaussian  beam  (FWHM  = 

0J2h  mm)  is  nearly  an  order  of  magrutude  greater  than  few  ''uniform  nxsKiiatfon”  in  the  long- 
time4iniit.  For  the  Gaussian  beam  the  values  of  Eq  azxi  Pq  at  long  times  are  determined 
mainly  by  radial  heat  conduction.  For  uniform  inadiation.  radial  heat  conduction  is  unim- 
portant, and  the  thresholds  are  limited  by  the  finite  samp’e  thickness  and  tlie  thermal  coup- 
ling  with  the  heat  sink  fl). 


Table  2 

Properties  Of  HgQ^CdQ^Te 


Tba=^  dHTcsrix  k: 

cooitsgvhity  K: 
DRacty  p: 

RcGccSnity  R: 

SjprdOc  beat  ez 
Xaiexpaoa  cotiftdtcsl  a: 

^~st- 

Tbres&oSd  ttspents;*  acRstr 


Oj09  «=-/jec  as  ‘ 
OaO  WjSesa'K* 
7j6ca?css*' 
0J1» 

0J5  4,t=s'K* 
lO*  eta'J; 

66a*K§ 


*0  Lcac  J L Sefeg*, emf  Smarttttit  S. 

€>.  K.K.  «ad  A,C  Srrt,  rfXon,  Acadcr-^  Sr» 

Tce^  1570.  «£  k &ees  c&r  He 

«€  iXCTsboM  digi.  to  msCAij  o^rre 

ibr  tcspet»SsT  nttjr  oi 

• £x»pci«Sre  boa  ta  f CeKEsar;  jo£  K.  Jmrtnasr. 

TWai  Ttnirr  Soc.  S9.  SSI  |15Sn 

tXi*  abaorpCAa  <acCnoaa£  w tm'  Tirif  so  br  tSr  uisi'  **  xari  ne- 
hrt  See  HcCfTr  fT  dtCrcMx.  (Srr  ttH.  t.| 

§Oiff  riadka  er^iaZr  lb>5  o^eJboeA  f3  eaUrwSieeteeo  (AX)  < 


HcC^«  tTSforg*  xyyroxiotrfy  j Oj07  Vesn  WB»3in  tnsotsaSts* 
ncTkJg  for  ra^ofXLKaoa  tbaa  for  tbr  AS<o*V^  fC  drtreSer.  Tfcr 
nor  obfiJarunj  tteixr  tcc  HcO^r  (?C1  • 550*K,  gy«e^ 

• S€0*K  for  Cbr  wacomZr^  BcCtfTe  FV 


BAKTOli.  ESTEaOwTTZ.  ALLcN.  AND  SRUEH 


/ - • 


tf'«3**?*3cr**y**J*tf*  xi 


Tig,  5 — Ccigpariiogi  of  caSegStitd 

Arsigc  ta.Tn?aot«*t  f«x  K;OfTc  (PV)  HcCfTr 
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*■!«.  6 — Cocs^oTsos  of  ctksbiKe  ?o»ic-fi«3=sy 
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in  5 and  6 the  tfaeoretkai  darsage  threshokis  for  KgCdTe  piK^ovoiuk;  and  pho- 
toccndiictive  (PC)  deactois  Jl]  are  cosspared.  Note  that  in  the  sjort-teae  liiai:  Ose  thres- 
b<^  for  U»  ;^iOloconduc*(Hr  b moie  Uiaa  aa  order  of  isagnitraie  peater  than  i<s  ti»  pho- 
toToJtax  detector.  Thb  ts  due  inainlv  to  the  extra  energy  lerpiired  to  raporize  the  larger 
Ktne  •tolarne  of  the  photoconductor.  For  interznediate  tiraes  the  thresS^Sd ; ap;KX>^h  each 
other  smoe  at  these  tsnes  the  enerigr  rernoved  by  heat  oonductkKi  b ss^  compared  to  the 
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energy  required  to  vaporize  the  photoconductor.  For  the  long-time  limit  (r  > 30‘^s)  the 
photovoltaic  delector  is  more  difHcult  to  damage  than  the  photoconductor.  This  is  due  to 
the  importance  of  radial  heat  conduction  at  long  irradiation  times  for  HgCdTe  (PV).  Due 
to  its  construction,  the  photovoltaic  detector  is  mere  effective  at  conducting  heat  away  from 
the  absorbing  r^on.  This  arises  both  from  the  absence  of  any  thermally  resistive  layers  in 
the  photovoltaic  construction  and  from  the  lack  of  any  s^ificant  radial  heat  conduction  in 
a similarly  irradiated  photoconductor*. 


Calculated  threshold  values  of  energy  density  are  plotted  in  Fig.  7 as  a function  of  ir- 
radiation time  for  various  beam  diameters  in  the  range  0.05  mm  < FWHM  < 0.50  mm.  As 
expected,  all  curves  are  approximately  equal  in  the  short-time  limit,  where  thermal  conduc- 
tion has  a negligible  effect  on  the  damage  threshold.  In  the  long-time  limit,  however,  the 
damage  threshold  depends  strongly  on  beam  diameter,  and  Eq  is  approximately  inversely  pro- 
portional to  the  beam  diameter  (Fig.  7).  This  dependence  on  beam  diameter  continues  until 
the  beam  diameter  becomes  comparable  to  the  detector  thickness. 
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Fig.  7 — Calculated  energy-density  damage  thresholds 
for  HgCdTe  (PV)  for  various  beam  diameters 


It  is  interesting  to  compare  the  calculated  damage  thresholds  for  HgCdTe  (PV)  to  those 
obtained  for  PbSnTe  (PV)  [1] . In  both  cases  it  is  assumed  that  the  laser  beam  full  width  at 
half  maximum  was  equal  to  the  width  of  the  active  detector  element  (FWHM  = 0.25  mm). 
From  Figs.  8 and  9 we  observe  that  the  damage  thresholds  for  both  detectors  are  approxi- 
mately equal  for  short  irradiation  times  (t  < 10'^  s).  As  the  irradiation  time  increases,  the 
damage  thresholds  for  HgOiT,.  PV  detectors  grow  larger  than  those  for  PbSnTe  PV  detectors 
by  an  increasing  margin. 


* Damage  thresholds  for  HgCdTe  PC  detectors  were  calculated  in  Ref.  1 udng  a mode!  which  assumes  one- 
dimensional heat  flow.  To  validate  this  model,  thresholds  were  measured  for  HgCdTe  samples  mounted 
on  substrates  of  approximately  the  same  cross-sectional  area.  If  the  HgCdTe  PC  samples  were  placed  on 
large-area  substrates,  radial  heat  conduction  would  again  be  important  at  long  irradiation  times. 
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Fig,  8 — CompATtson  of  calculated  energy-denaty  damage 
thresholds  for  HgCdTe  (PV)  aud  PbSnTe  (PV)  detectors 
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Fig.  9 — Comparison  of  calcubted  power-density  damage 
thresholds  for  HgCdTe  (PV)  and  PWnTc  (PV)  detectors 


It  can  be  shown  that  the  difference  between  the  damage  thresholds  calculated  for  these 
detectors  is  due  to  more  efficient  radial  heat  conduction  for  the  HgCJdTe  PV  detector.  In  the 
long-time  limit  the  damage  threshold  varies  linearly  with  thermal  conductivity.  Since  the  Uier- 
ma!  conductivity  of  HgCdTe  is  four  times  greater  than  that  for  PbSnTe,  it  is  concluded  that 
the  difference  between  the  damage  thresholds  for  these  two  detectors  is  due  primarily  to  their 
different  thermal  conductivities.  This  is  so  because  the  critical  temperature  change  was  found 
empirically  to  be  very  close  for  these  materials  (660“K  and  733“K  for  HgCklTe  and  PbSnTe 
respectively). 
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SUMMARY 

Over  the  range  of  irradiation  times  studied  (10'®s  to  Is),  threshold  values  of  Eq  and  Pq 
changed  by  tliree  to  four  orders  of  magnitude.  Significant  differences  were  obtained  be- 
tween damage  thresholds  for  samples  irradiated  by  a Gaussian  beam  whose  area  is  small  com- 
pared to  the  crystal  area  and  the  thresholds  for  uniformly  irradiated  samples. 

A two^imensional  thermal  model  employing  numerical  techniques  was  applied  to  HgCdTe 
PV  detector  materials,  and  good  agreement  was  found  between  the  theory  and  experimental 
results.  This  model  takes  into  account  all  relevant  details  of  detector  geometry  and  thermal 
configuration  and  is  capable  of  treating  the  cases  of  uniform  and  small  Gaussian  beam  irradia- 
tion of  the  detectors.  Such  a model  is  required  if  damage  thresholds  are  to  be  calculated  for 
these  detectors  for  all  possible  irradiation  conditions. 

The  calculated  damage  thresholds  for  HgCdTe  PV  detectors  were  compared  to  those  for 
HgCdTe  PC  and  PbSnTe  PV  detectors.  It  was  found  that  for  short  irradiation  times,  HgCdTe 
photoconductors  .:re  significantly  more  difficult  to  damage  because  of  the  large  amount  of 
ene^‘  required  to  vaporize  the  entire  photoconductive  detector.  For  long  times  (r  > lO'^s) 
the  HgCdTe  photovoltaic  detector  is  more  difficult  to  damage  because  of  the  importance  of 
radial  heat  conduction  in  this  detector.  The  damage  thresholds  for  HgCdTe  PV  and  PbSnTe 
PV  detectors  are  approximately  equal  for  short  times  but  at  long  times  HgCdTe  (PV)  is  more 
difficult  to  damage  primarily  because  its  thermal  conductivity  is  greater  than  that  of  PbSnTe. 
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